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57 ABSTRACT 
A solid state pressure sensor that includes a silicon body 
having a circumferentially continuous annular periph 
ery and an imperforate central diaphragm bridging the 
periphery in an integral monolithic construction that is 
circumferentially symmetrical about the axis of the 
periphery. Strain gauge sensors are deposited on the 
body so as to form an integral assembly with the body, 
and are constructed and arranged to provide electrical 
signals as a function of flexure of the central diaphragm 
with respect to the periphery of the body. A pair of 
fittings are bonded to the body periphery on opposite 
sides of the diaphragm. Each fitting forms a hermeti 
cally sealed fluid cavity on an associated side of the 
diaphragm, with each such cavity being circumferen 
tially symmetrical with respect to the central axis of the 
SenSO. 

13 Claims, 2 Drawing Sheets 
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1. 

SOLID STATE PRESSURE SENSOR 

The present invention is directed to a solid state pres 
sure sensor that finds particular utility in pressurere 
sponsive engine fuel delivery control systems and the 
like. 

BACKGROUND AND OBJECTS OF THE 
INVENTION 

There are numerous applications in commerce and 
industry in which compact, economical, efficient and 
sealed pressure sensors find utility. For example, U.S. 
Pat. Nos. 4,728,264 and 4,789,308, and U.S. Application 
Ser. Nos. 07/324,649 and 07421,810, disclose fuel deliv 
ery systems for internal combustion engines in which a 
pressure sensor is responsive to fuel pressure for modu 
lating application of current to the fuel pump motor. 

O 
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Automotive fuels can be particularly corrosive, and it is 
therefore important that the pressure sensor access to 
the fuel line be properly sealed. One can envision nu 
merous other instances in which a fluid pressure sensor 
must be sealed against leakage-e.g., sensing pressure of 
environmentally hazardous liquids and gases. 

It is therefore a general object of the present inven 
tion to provide a pressure sensor that is compact, that is 
economical to fabricate, that has a minimum number of 
component parts, and that yields reliable service over 
an extended operating lifetime Another and more spe 
cific object of the invention is to provide a pressure 
sensor of solid state construction that employs conven 
tional silicon microstructure manufacturing technol 
Ogy. 

SUMMARY OF THE INVENTION 

A solid state pressure sensor in accordance with the 
present invention comprises a silicon body having a 
periphery for mounting the body to support structure, 
and a central flexible diaphragm that, together with the 
periphery, forms an integral monolithic structure. 
Strain gauge sensors are mounted on the silicon body 
for providing electrical signals as a function of flexure 
of the diaphragm. A pair of fittings are sealingly bonded 
to the body periphery on opposite sides of the dia 
phragm, with each of the fittings cooperating with the 
body to form a sealed fluid cavity on an associated side 
of the diaphragm. The sensors provide electrical signals 
as a function of a pressure differential between the cavi 
ties and resulting flexure of the diaphragm. Preferably, 
the strain gauge sensors comprise piezo-resistive ele 
ments deposited on the body so as to form an integral 
structure with the body. The fittings preferably are of 
PYREX(R) glass composition anodic- or fusion-bonded 
to the body. 

In the preferred embodiment of the invention, the 
silicon body has a circumferentially continuous annular 
periphery and a thin imperforate central diaphragm 
bridging the periphery so that the body is circumferen 
tially symmetrical about the axis of the annular periph 
ery The diaphragm and periphery have a common pla 
nar surface on which the sensors are deposited, together 
with appropriate leads that extend from the sensors to 
the periphery of the body through an adjacent joint 
between the surface and one of the fittings. A housing 
externally surrounds the body, and encloses the body 
and at least a portion of the fittings. Electrical terminals 
are carried by the housing and are connected to the 
leads at the body periphery. The housing in the pre 
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2 
ferred embodiment of the invention comprises a pair of 
opposed cup-shaped sections bonded to each other. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with additional objects, fea 
tures and advantages thereof, will be best understood 
from the following description, the appended claims 
and the accompanying drawings in which: 
FIG. 1 an elevational view that bisects a solid state 

pressure sensor in accordance with one presently pre 
ferred embodiment of the invention; 

FIG. 2 is a sectional view taken substantially along 
the line 2-2 in FIG., 1; 

FIG. 3 is an electrical schematic diagram of the sen 
sor connected to external fuel pump control circuitry in 
accordance with a presently preferred implementation 
of the invention; 
FIGS. 4-7 are elevational views that bisect a solid 

state pressure sensor in accordance with another pres 
ently preferred embodiment of the invention at succes 
sive stages of manufacture; and 
FIG. 8 is a fragmentary view of a portion of FIG. 6 

on an enlarged scale. 
DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 

A solid state pressure sensor 10 in accordance with a 
presently preferred embodiment of the invention com 
prises a cup-shaped body 12 of monolithic silicon con 
struction sandwiched between a pair of fluid fittings 
14,16. Body 12 includes a circumferentially continuous 
annular shoulder 18 and a thin imperforate base 20 
bridging shoulder 18. Shoulder 18 and base 20 share a 
common axially-facing planar surface 22. A series of 
piezo-resistive sensor elements 24 are deposited on sur 
face 22, and are connected by suitable conductive leads 
26, also deposited on surface 22, to each other and to the 
periphery of body 12 for connection to external cir 
cuitry Elements 24 and leads 26 are covered by a pro 
tective layer of glass or the like. Monolithic body 12 
with integral sensor elements and leads may be formed 
using conventional integrated circuit technology as 
described, for example, in Knutti, "Silicon Microstruc 
ture Sensors," published by IC Sensors, Inc. (1988). 

Fitting 14 includes a base 28 and a hollow neck 30 
coaxial with body 12. Within base 28, the passage of 
neck 30 opens into a cavity 32 opposed to and symmet 
rical with base 20 and enclosing sensor elements 24 
Likewise, fitting 16 includes a base 34 bonded to the 
planar end surface 35 of shoulder 18, a hollow neck 36 
and an internal cavity 38 opposed to the internal pocket 
40 of body 12. Preferably fittings 14,16 are identical and 
of PYREX(R) glass or, less preferably, silicon construc 
tion. Each fitting is anodically bonded or fusion-bonded 
to the opposing planar surface of body 12, coaxially 
with the central axis of the body, to form an in-line 
pressure sensor in which the respective fluid cavities are 
hermetically sealed by the anodic or fusion bonds be 
tween the fittings and the silicon body. 
A housing 42 encloses the central portion of sensor 

10, including body 12 and the bases 28,34 of fittings 
14,16. Housing 42 preferably takes the form of an op 
posed pair of cup-shaped housing segments 44,46 of 
molded plastic construction or the like. A circumferen 
tial array of electrical terminals 48 are insert-molded 
into housing body 44 adjacent to the open edge thereof, 
and are connected by suitable conductors 50 to leads 26 
at the periphery of body 12. Each of the housing seg 
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ments 44,46 includes a central opening that is received 
in assembly over the necks 30,36 of fittings 14,16 so as to 
capture associated 0-rings 52,54 between the housing 
sections and the opposing fittings The opposed edges of 
housing segments 44,46 are suitably bonded to each 
other so as to form a complete sealed sensor. 
FIG. 3 is an electrical schematic diagram that illus 

trates elements 24 of sensor 10 connected in an electrical 
bridge arrangement through a differential amplifier 56 
to suitable fuel pump control electronics 58 in a pres 
ently preferred implementation of the invention for 
applying current to a fuel pump motor as a function of 
fuel pressure in the delivery system. Neck 36 of fitting 
16, for example, may be connected to the high-pressure 
output side of the fuel pump, and fitting 14 may be 
connected to air at ambient pressure or engine air mani 
fold pressure Base 20 of silicon body 12 thus forms a 
diaphragm that flexes as a function of the pressure dif 
ferential between the fuel delivery line and ambient or 
manifold air pressure Such diaphragm flexure is de 
tected through unbalance of the bridge circuit in FIG. 3 
so as to apply current to the fuel pump to maintain a 
predetermined constant pressure differential across sen 
sor 10, or such other pressure characteristic as may be 
desired. 
FIGS. 4-8 illustrate successive stages manufacture of 

a second presently preferred embodiment 60 (FIG. 7) of 
the invention. Initially (FIG. 4), fittings 14-18 are anod 
ic- or fusion-bonded to body 12 as previously described. 
Next (FIG. 5), a first cup-shaped housing section 62 of 
plastic or other suitable construction is placed over 
fitting 16 and body 12 so that its open edge is coplanar 
with the upper surface 22 of body 12. A second cup 
shaped housing section 64 (FIGS. 6 and 8) is placed 
over fitting 14 so that its open edge abuts the open edge 
of section 62. Preferably, shoulders at the respective 
edges of housing sections 62,64 internest, as best seen in 
FIG. 8. Terminals 66 are insert molded into housing 
section 64 adjacent to the open edge thereof so that, 
when the housing sections are assembled as shown in 
FIGS. 6 and 8, the inner ends of terminals 66 form 
arcuate spring contacts 68 (FIG. 8) that are resiliently 
biased into abutting electrical and mechanical engage 
ment with the leads 26 deposited on body 12. Thus, 
there is no need for the separate electrical conductors 
50 as in the embodiment of FIGS. 1-2. Finally (FIG. 7), 
a cover 70 of plastic or other suitable construction is 
insert molded over housing sections 62,64 and the ex 
posed necks of fittings 14,16 in sealing engagement 
therewith so as to form a closed sealed sensor assembly 
60. Thus, the necessity for 0-rings 52,54 in the embodi 
ment of FIGS. 1-2 is likewise eliminated. 
Although the preferred embodiments of the invention 

has been described in detail in conjunction with a fuel 
pressure sensor for use in an engine fuel delivery sys 
tem, it will be appreciated that the solid state sensor of 
the present invention finds a wide variety of other po 
tential applications. Indeed, the hermetically sealed 
construction of the pressure sensor makes the sensor 
particularly useful in conjunction with a variety of flu 
ids, such as hazardous waste, radioactive gas, poisonous 
liquids or gases in chemical processes, etc. 

I claim: 
1. A solid state pressure sensor that comprises: 
a silicon body having a circumferentially continuous 

annular peripheral portion and an imperforate cen 
tral portion bridging said peripheral portion and 
thinner than said peripheral portion, said body 
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4. 
being of integral monolithic construction that is 
circumferentially symmetrical about the axis of 
said peripheral portion, 

strain gauge sensor means deposited on said body so 
as to form an integral assembly with said body, and 
being constructed and arranged to provide electri 
cal signals as a function of flexure of said central 
portion with respect to said peripheral portion, 

a pair of fittings bonded to said body peripheral por 
tion on opposite sides of said central portion, each 
of said fittings including means cooperating with 
said body to form a sealed fluid cavity on an associ 
ated side of said central portion, each of said cavi 
ties being circumferentially symmetrical with re 
spect to said axis, 

electrical leads deposited on said body and extending 
to a radial edge of said body for connecting said 
sensor means to external circuitry, said central and 
peripheral portions of said body having a common 
planar surface, said sensor means being positioned 
on said surface so as to be disposed within one of 
said cavities, said leads being on said surface and 
extending through an adjacent joint between said 
surface and one of said fittings, and 

a housing externally surrounding said body and en 
closing said body and at least a portion of said 
fittings, electrical terminal means on said housing 
and means connecting said terminal means to said 
leads, said fittings being identical and including 
respective necks extending coaxially with said axis, 
said housing including means sealingly embracing 
said necks. 

2. The sensor set forth in claim 1 wherein said fittings 
are of composition selected from the group consisting of 
silicon and glass. 

3. The sensor set forth in claim 2 wherein said fittings 
are of PYREX(R) glass composition. 

4. The sensor set forth in claim 2 wherein said fittings 
are anodic- or fusion-bonded to said body. 

5. The sensor set forth in claim 1 wherein said hous 
ing comprises a pair of opposed cup-shaped structures 
bonded to each other with sealing means captured be 
tween said flange means and said fittings. 

6. The sensor set forth in claim 10 wherein said hous 
ing comprises, a pair of opposed cup-shaped structures 
bonded to each other, and an external cover sealingly 
embracing said structures and said necks. 

7. The sensor set forth in claim 1 wherein said con 
necting means comprises spring contacts on said termi 
nal means resiliently abutting said leads. 

8. A solid state pressure sensor that comprises: 
a silicon body having a circumferentially continuous 

annular peripheral portion and an impertorate cen 
tral portion bridging said peripheral portion and 
thinner than said peripheral portion, said peripheral 
portion and thinner than said peripheral portion, 
said body being of integral monolithic construction 
that is circumferentially symmetrical about the axis 
of said peripheral portion, 

strain gauge sensor means deposited on said body so 
as to form an integral assembly with said body, and 
being constructed and arranged to provide electri 
cal signals as a function of flexure of said central 
portion with respect to said peripheral portion, and 

a pair of one-piece fittings of composition selected 
from the group consisting of silicon and glass anod 
ic-bonded fusion-bonded to said body peripheral 
portion of opposite sides of said central portion, 
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each of said fittings including means circumferen 
tially surrounding said central portion of said body 
and cooperating with said body to form a sealed 
fluid cavity on an associated side of said central 
portion and a hollow neck extending from the asso 
ciated said cavity and having an open end remote 
from the cavity for admitting fluid to the cavity, 
each of said cavities being circumferentially sym 
metrical with respect to said axis. 

9. The sensor set forth in claim 8 further comprising 
electrical leads deposited on said body and extending to 
a radial edge of said body for connecting said sensor 
means to external circuitry. 

10. The sensor set forth in claim 9 wherein said cen 
tral and peripheral portions of said body have a com 
mon planar surface, said sensor means being positioned 
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on said surface so as to be disposed within one of said 
cavities, said leads being on said surface and extending 
through an adjacent joint between said surface and one 
of said fittings. 

11. The sensor set forth in claim 10 further compris 
ing a housing externally surrounding said body and 
enclosing said body and at least a portion of said fittings, 
electrical terminal means on said housing and means 
connecting said terminal means to said leads. 

12. The sensor set forth in claim 10 wherein said 
fittings are of identical construction, said necks extend 
ing coaxially with said axis. 

13. The sensor set forth in claim 10 wherein said 
fittings are of PYREX(R) glass composition. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 5,001,934 

DATED March 26, 1991 

NVENTOR(S) : Charles H. Tuckey 
It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 

corrected as shown below: 

Col. 4, line 44, change "claim 10" to --claim 1--. 

Col. 4, lines 55-56, delete "said peripheral portion and thinner than 
Said peripheral portion, ". 

Col. 4 line 53, "impertorate" should read --imperforate--. 

Signed and Sealed this 

Seventeenth Day of November, 1992 

Attest: 

DOUGLAS B. COMER 

Attesting Officer Acting Commissioner of Patents and Trademarks 

  

  


